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(54) Polishing pads useful in chemical mechanical polishing of substrates in the presence of a 
slurry containing abrasive particles 



(57) A polishing pad (1 0) for polishing semiconduc- 
tors and other planar substrates in the presence of a 
slurry comprising abrasive particles and a dispersive 
agent is disclosed. The polishing pad (10) includes a 
soluble component (14), preferably fibrous, within a pol- 
ymer matrix component (16). The fibrous component 
(14) includes fibers soluble in the slurry sufficiently to 
provide a void structure in the polishing surface (20) of 
the pad (1 0). The void structure enhances the polishing 



rate and uniformity by increasing the mobility of the 
abrasive particles while reducing scratching of the pol- 
ished surface. Additives that further enhance polishing 
and/or assist in the removal of residues generated dur- 
ing polishing, such as surfactants and removers, are 
optionally incorporated in the fibrous substance or topo- 
graphically coated on the fibrous substance. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

-.[0001] This application claims the benefit under 35 
U.S.C. § 112(e) of U.S. Provisional Application No. 
60/129,048, filed April 13, 1999, the entire disclosure of 

- which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY SPON- 
SORED RESEARCH OR DEVELOPMENT -N/A- 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor devices are formed from a 
flat, thin water of a semiconductor material, such as sil- 
icon. The wafer must be polished to achieve a suffi- 
ciently flat surface with no or minimal defects. A variety 
of chemical, electrochemical, and chemical mechanical 
polishing techniques are employed to polish the wafers. 
[0003] In chemical mechanical polishing ("CMP"), a 
polishing pad made of a urethane material is used in 
conjunction with a slurry to polish the wafers. The slurry 
comprises abrasive particles, such as aluminum oxide, 
cerium oxide, or silica particles, dispersed in an aque- 
ous medium. The abrasive particles generally range in 
size from 1 00 to 200 nm. Other agents, such as surface 
acting agents, oxidizing agents, or pH regulators, are 
typically present in the slurry. 

[0004] The urethane pad is textured, such as with 
channels or perforations, to aid in the distribution of the 
slurry across the pad and wafer and removal of the 
slurry and grindings therefrom. In one type of polishing 
pad, hollow, spherical microelements are distributed 
throughout the urethane material. As the surface of the 
pad is worn away through use, the microelements pro- 
vide a continually renewable surface texture. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to a polishing 
pad for polishing a substrate in the presence of a slurry 
comprising abrasive particles and a dispersive agent. 
The polishing pad uses a component, preferably 
fibrous, within a polymer matrix component. The fibrous 
component is soluble in the slurry, such that fibers 
present at the polishing surface of the pad dissolve 
upon contact with the slurry to provide a void structure 
on the polishing surface. The void structure provides 
pores that enhance the polishing rate and uniformity by 
increasing the mobility of the abrasive particles in the 
slurry while reducing scratching of the polished surface. 
The pores act as temporary storage areas for the abra- 
sive particles, thus reducing highly frictional contact 
between the abrasive particles and the polished sur- 
face. 

[0006] More particularly, the polishing pad com- 
prises a first layer having a polishing surface and a 



backing surface. The first layer is formed of the fibrous 
component in the polymer matrix component. The 
fibrous component comprises fibers soluble in the slurry 
sufficiently to provide a void structure in the polishing 

5 surface. The solvent may be either the dispersive phase 
of the abrasive particles or another material added to 
the slurry during polishing. The polishing pad also com- 
prises a backing structure comprising an adhesive layer 
or layers fixed to the backing surface of the first layer, so 

to that the polishing pad may be affixed to a tool. 

[0007] The nature of the void structure on the pol- 
ishing surface of the polishing pad is determined by 
parameters such as the rate of dissolution of the fibers 
in the solvent, the ratio of fibers to matrix, the shape and 

75 size of the fibers, the orientation of the fibers, the den- 
sity of the fibers both in area and volume, and the pres- 
ence and amount of any insoluble fibers. Suitable fibers 
for semiconductor wafer polishing, which are soluble in 
an aqueous slurry, include polyvinyl alcohol and maleic 

20 acid and their derivatives or copolymers. 

[0008] Additives that further enhance polishing 
and/or assist in the removal of residues generated dur- 
ing polishing may be incorporated in the fibrous compo- 
nent or be applied as a topographic coating to the 

25 fibrous component. These additives are released at a 
controlled rate during polishing. 

[0009] The polishing pad applies to a diversity of 
applications including semiconductor wafer polishing 
known as chemical mechanical polishing (CMP) and 
30 other polishing applications for metal, ceramic, glass, 
wafers, hard disks etc., that use a liquid medium to carry 
and disperse the abrasive particles. 

DESCRIPTION OF THE DRAWINGS 

35 

[0010] The invention will be more fully understood 
by reference to the following detailed description when 
considered in conjunction with the accompanying draw- 
ings, in which: 

40 

Fig. 1 is a partial cross-sectional view of a polishing 
pad in accordance with the invention; 
Fig. 2 is a partial top view of the polishing pad of 
Fig. 1 during use; 
45 Fig. 3 is a partial cross-sectional view along line B- 

B of the polishing pad of Fig. 2; and 
Fig. 4 is a partial cross-sectional view of a further 
embodiment of a polishing pad in accordance with 
the invention; and 

50 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The present invention relates to a polishing 
pad 10 that is utilized in conjunction with a polishing 
55 slurry comprising a liquid medium that carries and dis- 
perses abrasive particles between the polishing pad 
and the surface being polished. Referring to Fig. 1 , the 
preferred embodiment of the polishing pad incorporates 
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a layer 12 of a composite polishing material comprising 
a soluble fibrous component 14 encapsulated or 
embedded in a polymeric matrix component 16. The 
fibrous component is soluble in water or another solvent 
present in the polishing slurry at a rate sufficient to leave 5 
voids on the polishing surface of the pad. The solvent 
may be the dispersive phase of the abrasives or may be 
another material added to the slurry. In semiconductor 
wafer polishing, the slurry is typically an aqueous 
medium, and the solvent is thus water. Useful polymeric 10 
materials for the matrix component include most com- 
mon structural polymers, such as polyurethanes, poly- 
acrylates, polystyrenes, polyimides, polyamides, 
polycarbonates, and epoxies. Other polymers that have 
a rigidity sufficient to support the fibrous component 75 
may be used. An adhesive backing structure 18 is 
attached to the underside or backing surface 19 of the 
composite polishing material layer 12, so that the pol- 
ishing pad may be affixed to a tool. 

[0012] Before use, the surface 20 of the polishing 20 
material is smooth, as illustrated in Fig. 1. Although fib- 
ers are exposed at the surface, no dissolution has 
occurred to roughen the surface. Once the solvent con- 
tacts the fibrous component at the surface, the fibrous 
component begins to dissolve, forming a void structure 25 
of pores 22 in the surface, as illustrated schematically in 
Figs. 2 and 3. The pores on the surface of the polishing 
substance enhance the polishing rate and uniformity by 
increasing the mobility of the abrasives while reducing 
scratching of the polished surface. The pores act as 30 
temporary storage areas for the abrasive particles, thus 
reducing highly frictional contact between the abrasive 
particles and the polished surface. 
[0013] The fibrous component may be formed of 
any suitable soluble fiber material, such as polyvinyl 35 
alcohol (PVAc), maleic acid, polyacrylic acid, various 
polysaccharides and gums, or derivatives of these 
materials. Copolymers of these polymers may also be 
used. The particular fiber material is selected depend- 
ing on the particular solvent to be used and the intended 40 
polishing application. In semiconductor wafer polishing, 
the slurry typically uses an aqueous medium as the dis- 
persive phase for the abrasive particles. Thus, water is 
typically the preferred solvent for this application, and 
PVAc, copolymers of PVAc, maleic acid, and derivatives 45 
of these materials are suitable for the fibrous compo- 
nent. Other solvents and fiber materials may be used,- 
however, depending on the application. 
[0014] For semiconductor wafer polishing, the fiber 
material is preferably chosen such that the rate of disso- so 
lution of the fibrous component in the dissolving 
medium is as fast as possible. Preferably, the fiber com- 
ponent dissolves as soon as it contacts the dissolving 
medium, so that no delay is needed before polishing 
can begin. For example, PVAc and maleic acid and their 55 
derivatives dissolve suitably quickly in water. The rate of 
dissolution can be controlled by the particular material 
chosen. For example, the salt of a compound can 



4 

render the compound more or less hydrolyzable by an 
aqueous medium. Polymerization can also be used to 
control the dissolution rate. For example, increasing the 
molecular weight can slow the rate of dissolution. 
[0015] The fibrous material may be prepared by any 
suitable process, such as by nonwoven techniques, for 
example, chemical, mechanical, or thermal bonding of 
fibers or the laying down of a loose mat of fibers or fila- 
ments, as well as by weaving or knitting techniques, as 
would be known in the art. A nonwoven material is usu- 
ally preferred, because it gives a more random orienta- 
tion of pore structure. The orientation of the fibers 
relative to the polishing surface may be controlled to 
affect the size of the pores on the polishing surface. If 
the fibers are oriented predominantly parallel to the sur- 
face, the resulting void structure will have more channel- 
shaped or elongated pores. If the fibers ate oriented 
predominantly orthogonally to the surface, the resulting 
void structure will have more pores of a smaller diame- 
ter. A greater density of pores over the polishing surface 
can be achieved with an orthogonal orientation of the 
fibers. Continuous fibers or cut fibers, having a fiber 
length of .5 mm to 15 mm, may be used. Cut fibers pro- 
vide more fiber ends, resulting in a void structure with 
more holes. 

[0016] The diameters of the fibers are selected 
such that the pore size after dissolution is complemen- 
tary to the particle size of the abrasive particles in the 
slurry, which typically range in size from 100 to 200 nm. 
If the pores are too large, the slurry particles may stag- 
nate in the pores, resulting in loss of their polishing 
effect. Also the location of the particles cannot be ade- 
quately controlled, leading to nonuniformities in polish- 
ing. If the pores are too small, the particles may become 
stuck in the pores, leading to scratching of the substrate 
to be polished. A fiber diameter range of 20 to 200 ujti, 
and preferably 30 to 1 00 urn, has been found to provide 
a suitable range of pore sizes for the typical range of 
abrasive particles used in CMP slurries. 
[0017] The ratio of the fiber component to the matrix 
component can vary from 90% fiber/1 0% matrix to 1 0% 
fiber/90% matrix by volume. A higher fiber component 
yields a softer, more compressible polishing material 
that is more suitable for polishing softer features, such 
as aluminum, tungsten, or copper wiring present on the 
substrate. A polishing material with a fiber content as 
high as 90% has a very fibrous structure, with fibers that 
are incompletely coated with the matrix material. A 
higher matrix component yields a harder polishing 
material that is more suitable for polishing a harder sub- 
strate, such as a silicon oxide layer. A polishing material 
with a fiber content as little as 1 0% is very solid and less 
compressible. 

[0018] The composite material layer may also have 
a layered structure, such as an upper layer having a 
higher ratio of fibers to matrix and a lower layer having a 
lower ratio of fibers to matrix. The upper layer provides 
mobility of the slurry particles on the surface while the 



EP 1 046 466 A2 



3 



JSDOCID: <EP 1046466A2_L> 



5 



EP 1 046 466 A2 



6 



lower layer provides greater rigidity to enhance 
planarity. In a variant, the lower layer may have no fib- 
ers. In another embodiment, a gradation of the ratio of 
fibers to matrix or of other properties may be provided 

„ from the polishing surface to the backing surface. 
J0019] The fibrous component may also include 
some insoluble fiber material. The insoluble fiber acts 

i. as a sweep, isolating the hard surface of the matrix 
component from scratching the substrate to be pol- 
ished. The amount of insoluble fiber may range up to 
90% by mass. 

[0020] In another embodiment, the soluble material 
may be particulate in nature, such as a powder. In this 
case, the powder dissolves at the surface upon contact 
with the solvent to form a void structure on the surface. 
In the interior of the pad, the powder provides a solid 
structure. 

[0021] The thickness of the layer 12 of the compos- 
ite polishing material ranges from .005 inch to .150 inch. 
The thickness of the layer determines the life of the pad. 
The thickness also determines physical properties of 
the pad. For example, a thicker layer is stiffer and more 
resistant to bending. The actual thickness selected 
depends on the particular application. 
[0022] The backing structure 1 B provides a medium 
for attaching the polishing pad to a tool and adds com- 
pressibility to complement the rigidity of the composite 
material layer. The rigidity of the composite material 
layer provides planarity on a small scale, that is, over a 
small region of the substrate to be polished. The com- 
pressibility of the backing structure provides uniformity 
of pressure over the entire substrate surface, for exam- 
ple over the 8 inch or 1 2 inch diameter of a semiconduc- 
tor wafer. This ensures uniformity of polishing if, for 
example, the substrate is concavely or convexly curved 
or otherwise irregular. 

[0023] In one embodiment the backing structure 1 8 
includes two layers 24, 26 of adhesive with a compress- 
ible structural layer 28 therebetween. The thickness of 
the backing structure ranges from 0.005 to 0.070 inch. 
The first adhesive layer is bonded to the composite pol- 
ishing material and is selected to provided a strong 
bond to the composite material layer. The second adhe- 
sive layer allows the entire pad to be fixed to a tool and 
is selected to provide good cohesion, so that the pad 
may be removed from the tool without leaving a residue 
on the tool. Any suitable adhesive material may be 
used, such as acrylic or butyl rubber types, a hot melt 
adhesive containing an acrylic, polyethylene, polyvinyl, 
polyester, or nylon, or a mixture thereof. The second 
adhesive layer is protected by a release liner 30 that is 
removed prior to affixing the polishing pad to a tool. 
[0024] The structural layer 28 is made of polymeric 
materials such as a film of polyester, or a foam of poly- 
ethylene, polystyrene, or derivatives or copolymers 
thereof. Other materials, such as extruded polyethylene 
or polystyrene sheets or a nonwoven polymer layer, 
may be used. The thickness of the structural layer is 



nominally 0.005 to 0.100 inch. 

[0025] In a further embodiment, illustrated in Fig. 4, 
the backing structure is composed of a single adhesive 
layer 32 affixed to the underside of the polishing mate- 

5 rial layer. For example, if the composite material layer 
has a high fiber content, a single adhesive layer may 
provide sufficient compressibility for the pad. The single 
adhesive layer is covered by a release liner 34. 
[0026] During polishing of a semiconductor wafer, 

10 the polymeric material of the matrix component shears 
or flows and forms a film over the surface of the pad, 
clogging the pores and diminishing the polishing effec- 
tiveness of the pad. Thus, after polishing a wafer, the 
surface of the pad is conditioned or dressed by diamond 

is polishing. The rate of dissolution of the fibrous compo- 
nent is preferably greater than the rate of wear of the 
matrix component caused by this dressing step. The 
polishing surface is rejuvenated and renewed as the 
matrix component is depleted or wears down, because 

20 new areas of the fibrous component are exposed and 
dissolved, thus forming new pores for enhanced polish- 
ing action. 

[0027] Other additives, such as surfactants and 
removers to enhance the stability of the residue parti- 

25 cles and prevent them from redepositing onto the pol- 
ished surface of the substrate, may be included in the 
composite material layer. These additives may be incor- 
porated into the fibrous component, for example, by 
doping the polymeric material of the fiber before the 

30 fiber is extruded, or may be applied as a topographic 
coating to the fibers. In this way, the additives are 
released at a controlled rate during polishing. Typical 
additives contain, for example, silicon oil or fluorocarbon 
type release agents or other agents that are known 

35 additives to polishing slurries. 

[0028] The polishing pad of the present invention is 
particularly suitable for the chemical mechanical polish- 
ing of semiconductor wafers. The polishing pad may, 
however, be used for polishing other substrates, such as 

40 metal, ceramic, glass, wafers, or hard disks, in polishing 
applications that use a liquid medium to carry and dis- 
perse abrasive particles between the polishing pad and 
the substrate being polished. Having described pre- 
ferred embodiments of the invention it will now become 

45 apparent to those of ordinary skill in the art that other 
embodiments incorporating the concepts of the present 
invention may be used. Accordingly, it is submitted that 
the invention should not be limited by the described 
embodiments but rather should only be limited by the 

so spirit and scope of the appended claims. 

Claims 

1 . A polishing pad for polishing a substrate in the pres- 
55 ence of a slurry comprising abrasive particles and a 
dispersive agent, comprising: 

a first layer having a polishing surface and a 
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backing surface, the first layer formed of a 
fibrous component in a polymer matrix compo- 
nent, the fibrous component comprising fibers 
soluble in the slurry sufficiently to provide a 
void structure in the polishing surface; and 
a backing structure comprising an adhesive 
layer fixed to the backing surface of the first 
layer. 

2. The polishing pad of claim 1, wherein the soluble 
fibers are soluble in the dispersive agent of the 
slurry. 

3. The polishing pad of claim 1, wherein the slurry is 
an aqueous slurry and the soluble fibers are soluble 
in water. 

4. The polishing pad of claim 1 , wherein the soluble 
fibers have a diameter selected to allow mobility to 
particles of the abrasive within the void structure. 

5. The polishing pad of claim 1 , wherein the soluble 
fibers have a diameter ranging from 20 to 200 urn. 

6. The polishing pad of claim 1 wherein the soluble fib- 
ers are made of polyvinyl alcohol, polyacrylic acid, 
polysaccharides, gums, maleic acid, or derivatives 
or copolymers of polyvinyl alcohol, polyacrylic acid, 
polysaccharides, gums, and maleic acid. 

7. The polishing pad of claim 1, wherein said fibrous 
structure is a nonwoven material, a woven material, 
or a knit material-. 

8. The polishing pad of claim 1 , wherein the fibers are 
oriented with a plurality of the fibers parallel to the 
polishing surface. 

9. The polishing pad of claim 1 , wherein the fibers are 
oriented with a plurality of the fibers orthogonal to 
the polishing surface. 

10. The polishing pad of claim 1 wherein the soluble fib- 
ers are cut fibers. 

11. The polishing pad of claim 1, wherein the soluble 
fibers are continuous fibers. 

12. The polishing pad of claim 1, wherein the soluble 
fibers dissolve at a rate greater than a rate of wear- 
ing down of the matrix component. 

13. The polishing pad of claim 1 , wherein the polymeric 
matrix component is made of a polymer having suf- 
ficient rigidity to support the fibrous component. 

14. The polishing pad of claim 1 wherein the polymeric 
matrix component is made of a polyurethane, a 



polyacrylate, a polystyrene : a polyimide, a polya- 
mide, a polycarbonate, or an epoxy. 

15. The polishing pad of claim l, wherein the first layer 
5 has a ratio of fibrous component to matrix compo- 
nent of l0%/90% to 90%/10% by volume. 

16. The polishing pad of claim 1, wherein the first layer 
has a thickness ranging from 0.005 inch to 0.150 

io inch. 

17. The polishing pad of claim 1, wherein the first layer 
further includes a surfactant or removal additive. 

is 18. The polishing pad of claim 17, wherein the additive 
is incorporated within the fibers of the fibrous com- 
ponent or topographically coated onto the fibers of 
the fibrous component. 

20 19. The polishing pad of claim 1, wherein the fibrous 
component further includes fibers insoluble in the 
slurry. 

20. The polishing pad of claim 1 9, wherein the insoluble 
25 fibers comprise up to 90% by mass of the fibrous 

component. 

21. The polishing pad of claim 1, wherein the backing 
structure further comprises two layers of adhesive 

30 with a compressible structural layer therebetween. 

22. A process of polishing a substrate using the polish- 
ing pad of claim 1 , comprising: 

35 providing a substrate to be polished; and 

polishing the substrate with the polishing pad of 
claim 1 . 

23. The process of claim 22, wherein the substrate 
40 comprises a semiconductor wafer. 

24. The process of claim 22, wherein the substrate 
comprises metal, ceramic, glass, or a hard disk. 

45 25. A polishing pad for polishing a substrate in the pres- 
ence of a slurry comprising abrasive particles and a 
dispersive agent, comprising: 

a first layer having a polishing surface and a 
so backing surface, the first layer formed of a sol- 

uble component in a polymer matrix compo- 
nent, the soluble component comprising a 
material soluble in the slurry sufficiently to form 
a void structure in the polishing surface, the 
55 soluble component providing a solid structure 

in the interior of the first layer; and 
a backing structure comprising an adhesive 
layer fixed to the backing surface of the first 
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layer. 

26. The polishing pad of claim 25, wherein the soluble 
component comprises a fibrous material. 

5 

27. The polishing pad of claim 25, wherein the soluble 
component comprises a powder material. 

28. The polishing pad of claim 25, wherein the slurry is 

an aqueous slurry and the soluble component is 10 
soluble in water. 
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(54) Polishing pads useful in chemical mechanical polishing of substrates in the presence of a 
slurry containing abrasive particles 



(57) A polishing pad (1 0) for polishing semiconduc- 
tors and other planar substrates in the presence of a 
slurry comprising abrasive particles and a dispersive 
agent is disclosed. The polishing pad (1 0) includes asol- 
uble component (14), preferably fibrous, within a poly- 
mer matrix component (1 6).Thefibrous component (14) 
includes fibers soluble in the slurry sufficiently to provide 
a void structure in the polishing surface (20) of the pad 



(1 0). The void structure enhances the polishing rate and 
uniformity by increasing the mobility of the abrasive par- 
ticles while reducing scratching of the polished surface. 
Additives that further enhance polishing and/or assist in 
the removal of residues generated during polishing, 
such as surfactants and removers, are optionally incor- 
porated in the fibrous substance ortopographically coat- 
ed on the fibrous substance. 
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